A clinical and laboratory profile of the immunological system of patients with multiple sclerosis (MS) strongly suggested that many specific immune deficiencies exist in MS. The immunological history showed that patients with MS had had more tonsillectomies, appendicectomies, and childhood infections than matched controls, which suggested that there had been problems in controlling various types of childhood infections. The cell-mediated immune response and the circulating antibody titres were specifically impaired against a variety of antigens.
Introduction
The neuropathological lesions in multiple sclerosis (MS) have been linked to an impaired immune mechanism since the discovery of a raised cerebrospinal fluid (CSF) gammaglobulin fraction' in which IgG, IgA, and IgM were identified.2 The presence of an abnormal cell-mediated immune response after intrathecal injection of purified protein derivative of tuberculin (PPD),3 -5 blood cytotoxic lymphocytes, and CSF cytotoxic factor6 for myelinated nerve cells in tissue culture and the discovery of increased serum and CSF measles antibodies7 gave more strength to the idea that an immunological defect played a part in the pathogenesis of MS.
Our experiment was designed to evaluate the immunological function of patients with MS using several immunological techniques. Unfortunately, the experiment had to be interrupted because several patients experienced an acute relapse of their symptoms while under investigation.
Patients and methods
The patients studied were all young adults, aged [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] , who had a combination of the characteristic symptoms of MS, including a history of more than four acute neurological episodes with improvement and objective findings of pyramidal, cerebellar, sensory, and cranial nerve disease. In all cases MS had been clinically diagnosed by neurologists, and the CSF IgG value exceeded 0-035 g/l on repeated analyses. Twenty-three such patients were immunologically investigated when they were not suffering an exacerbation of their disease or being treated with corticotrophin or steroids. Most of them had received treatment at least once in the past. The controls were 23 normal people selected from a pool of about 300 people working in our institute to match the patients in age, sex, and place of origin. Controls and patients answered the same questionnaire and were bled the same day. The normal values for the skin tests were obtained from another group of 104 normal people during another immunological study. 8 Immunological history-The patients and controls were asked if they had a history of allergies (eczema, hay fever, or asthma), immunological deficiencies, diabetes, or cancer and whether they had ever undergone tonsillectomy or appendicectomy.
Serum and plasma-Blood (60 ml) was withdrawn in BD tubes (Becton-Dickinson Co) from each patient, and 20 ml was put in nontreated tubes and 40 ml in heparinised tubes. Cells were analysed the same day while sera were kept frozen at -20°C until used.
Serum immunoglobulins-Serum IgG, IgA, IgM, IgD, and IgE levels were determined by radial immunodiffusion.9 Antisera and standards were from Hyland (USA 
Results
The duration of symptoms in the 12 women and 11 men with MS varied between 1 and 16 years. Sixteen of the 23 were ambulatory patients. Most of them had had more than four periods of exacerbation and remission (mean of 6 3), and all had had, on previous analyses,9 a CSF IgG level over 0 035 g/l. Specific function of T lymphocytes-The specific function of the T lymphocytes was measured in vivo by their capacity to express a delayed type hypersensitivity reaction to four skin test antigens (table  IV) . The mean PPD reaction was twice as large in patients with MS as in the controls and there were more positive reactions among patients with MS. The mean delayed hypersensitivity reactions to mumps antigens and varidase were also higher in patients than in controls, but nearly three times as many controls as patients had a positive reaction to mumps.
Blastic transformation and MIFproduction-No significant difference between the controls and the patients in lymphocyte transformation or capacity to produce MIF was found with any of the three encephalitogens used. The dose-response effects also failed to show a difference. In some of the controls the lymphocytes were stimulated with the encephalitogens.
HLA in MS patients-HLA-3, HLA-7, and W 18 were typed in both MS and control lymphocytes (table V) . Both HLA-3 and W 18
were found more often in patients with MS, as already reported, '6-19 than in the control group, and the difference was highly significant. The HLA-7 distribution was also different from that of the control group; HLA-7 was found in fewer patients with MS. The HLA-3 and W 18 combination was found in seven of the 23 MS patients compared with 10 out of 637 kidney recipients tested.
Discussion
We have shown that patients with MS have an increased incidence of appendicectomy, tonsillectomy, and childhood infections and significantly lower serum antibody titres against a variety of naturally occurring antigens. A low serum antibody titre against one antigen may often accompany higher antibody titres against others. These specific immune deficiencies seem to affect both the T-and B-cell systems as well as the immunological memory.
This increased susceptibility to infections and reduced capacity to mount an adequate immunological response to some bacterial and viral antigens reinforces the idea that there is a non-selective infection in these patients. Currier et a120 observed a significant increase of infections before the age of 20 in patients with MS, and Panelius et a121 found that patients with MS were more susceptible to childhood infections than their siblings. All these findings suggest that these multi-specific immunological abnormalities are primary rather than secondary to the disease activity and that patients with MS are partial or non-responders to many antigens. Even though these patients may be abnormal responders to many antigens they may be higher responders to other antigens-namely, measles and varicella zoster. Accumulating evidence favours this hypothesis. The higher antibody titres against measles in patients with MS, as well as the delay in developing measles during childhood in these patients,21 seems to indicate a high resistance against that virus. Panelius et all" showed not only that patients with MS contracted measles later than their siblings but also that men with MS tended to contract measles at an earlier age than women with the disease. The resistance of patients with MS to other types of microorganisms has also been reported and supports the idea that such patients are higher responders to these micro-organisms. If this hypothesis is true, serological studies might confirm the other observation of Panelius et al that histories of rheumatic fever were slightly less common in patients than in their siblings. This suggests that patients with MS have a higher resistance towards these micro-organisms. Nevertheless, nothing rules out the possibility that measles virus is directly related to the cause of the disease. The observation of Zabriskie et a122 that there is a decreased cell-mediated response to paramyxovirus in patients with MS conflicts with this view, and this finding should perhaps be regarded as being similar to the abnormal PPD reaction found in patients with MS a few years ago.3-5 These findings suggest that research, rather than focusing on a few exciting viruses or slow virus infections, should examine more closely the specific immune mechanism of patients with MS and its reaction to many types of infection.
The control of the immune response by genes related to the expression of the HLA antigens may be relevant. It has been well documented in animals that the genes controlling the expression of the transplantation antigens are closely linked to those controlling the expression of the immune response. Patients with MS have a higher incidence of HLA-3 and W 18 antigens than the normal population.1 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The association of HLA-3 and W 18 in 301" of our patients compared with only 1-50o of 637 kidney recipients is another interesting observation, and we are currently investigating the relation between this association and the evolution of the disease. Patients with MS have a mixed lymphocyte culture determinant in common, identical with that associated with the HLA-7 and W 18 in normal people.2' All these results reinforce the increasing evidence that the locus similar in the mouse to the well-known lactate dehydrogenase (LD) locus that controls the expression of the immune response, abnormally controls this response in patients with MS.
Introduction
Normal Indian and English people differ in the structural appearance of their small intestinal mucosa.1 2 Evidence of a functional difference, however, rests principally on studies of xylose and fat excretion,3 which are at best indirect methods of quantifying absorption. We have therefore used the more direct method of intestinal perfusion to quantify and compare amino-acid and dipeptide absorption in apparently normal Indian and English people.
Subjects and methods
The English people (six men) had been studied previously in London by MDH.5 The Indians (10 men) were admitted to this unit
